In hypertension and diabetes retinal vascular changes which are evident on fundiscopic examination are usually accompanied by renal vascular changes which are evident on microscopic examination. It has been found that the retinal vessels of most patients with hypertension or diabetes fail to constrict normally when the blood oxygen tension is elevated. This investigation evaluates the clinical significance of decreased retinal vascular reactivity in patients with degenerative vascular disease by relating it to kidney function as measured by common clinical tests. The results of the study show that impairment of retinal arterial reactivity usually occurs in the course of degenerative vascular disease, particularly in hypertension, in advance of clinical evidence of altered kidney function. When clinical tests of renal function demonstrate renal damage, loss of retinal arterial and venous reactivity is marked.
In hypertension and diabetes retinal vascular changes which are evident on fundiscopic examination are usually accompanied by renal vascular changes which are evident on microscopic examination. It has been found that the retinal vessels of most patients with hypertension or diabetes fail to constrict normally when the blood oxygen tension is elevated. This investigation evaluates the clinical significance of decreased retinal vascular reactivity in patients with degenerative vascular disease by relating it to kidney function as measured by common The data for each test of renal function were analyzed separately. For a given test, the subjects were divided into groups according to the degree of abnormality shown by the test. The groups were then examined with reference to the retinal vascular reactivity to determine the extent to which changes in this function were correlated with changes in renal function. This procedure was followed for the total group of subjects. In addition, to provide a more homogenous group which would be expected to show changes in both retinal vascular reactivity and renal function the same procedure was followed for the hypertensive group alone. Hypertension was defined as a blood pressure which is usually in excess of 150 mm. Hg systolic and 100 mm. Hg diastolic. Statistical significance was taken to begin at the level P = .05.
RESULTS
The retinal vascular reactivity of the 29 "control" hospital patients without vascular disease is presented in table 1. These figures are in good accord with those previously found in normal subjects.6
The relationship between proteinuria and retinal vascular reactivity for all subjects is As with the phenolsulfonphthalein excretion, the serum nonprotein nitrogen was determined in a selected group of patients whose overall picture indicated that it might be elevated. In consequence, the arterial reactivity of the group (table 6) is significantly below the "control" group even in the subgroup with a normal nonprotein nitrogen. In the first group venous reactivity is normal, but with the progressive increase in nonprotein nitrogen venous reactivity shows a progressive and significant decline below normal values. When the analysis is confined to hypertensive subjects (table 7) , retinal vascular reactivity is much reduced in the whole group with no significant difference between the groups with normal or elevated nonprotein nitrogen. Of the 12 patients with an elevated nonprotein nitrogen only two had normal retinal arterial reactivity. These were the same patients who also showed proteinuria and diminished phenolsulfoniphthalein excretion with normal vascular reactivity.
DIscussIoN
In a correlative investigation of this kind, interpretation of the results must, of course, be limited by the types of subjects used. This study included two general groups; one composed of hospital patients thought to be free of diseases which would affect the blood vessels or the kidneys and the other composed of patients with illnesses which are known to involve both systems. These were chronic illnesses, mostly hypertension, but included diabetes mellitus and chronic nephritis. In this group reactivity of the retinal arteries begins to be affected in advance of renal changes which produce marked proteinuria, diminished phenol sulfonphthalein excretion and increased nonprotein nitrogen. In the hypertensive patients severe impairment of retinal arterial reactivity occurred considerably in advance of evidence of renal damage. This functional evaluation is similar to the experience previously reported by Wendland on the basis of grading retinal and renal vascular disease by anatomical changes.4 By the time evidences of renal damage are definitely established, retinal arterial reactivity is nearly uniformly decreased and retinal venous reactivity is impaired.
In the hypertensive group of 35 patients, only two had the combination of vascular reactivity within the normal range and impaired renal function. Previous pathological studies have shown that marked renal impairment without retinopathy suggests a renal basis for the vascular disease.5 The clinical impression in these two patients was hypertensive cardiovascular disease and there was no evidence to suggest a primary renal basis for the hypertension. Four patients in the series were cliinically diagnosed as having chronic renal disease, either glomerulonephritis or pyelonephritis; all had hypertension and all showed markedly impaired retinal vascular reactivity.
Account should be taken of the possibility that the retinal arteries of a hypertensive person might fail to constrict well in response to oxygen because they were already partially constricted or because constriction was opposed by the high intravascular pressure and not because of sclerotic changes in the wall. If the vessels were potentially motile but were already partly constricted, they should dilate relatively well in response to the proper stimulus. Retinal hypoxia will cause dilation of retinal arteries in both normal and hypertensive subjects, but the hypertensive vessels dilate less than the normal. 
